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(57) ABSTRACT

A method for preparing a semiconductor substrate with an
buried insulating layer by a guttering process, includes the
tollowing steps: providing a device substrate and a supporting
substrate; forming an insulating layer on a surface of the
device substrate; performing a heating treatment on the
device substrate, so as to form a denuded zone on the surface
of the device substrate; bonding the device substrate having
the insulating layver with the supporting substrate, such that
the insulating layer 1s sandwiched between the device sub-
strate and the supporting substrate; annealing and reinforcing
a bonding interface, such that an adherence level of the bond-
ing iterface meets requirements 1n the following chamiering
egrinding, thinning and polishing processes; performing the
chamiering grinding, thinning and polishing processes on the
device substrate which 1s bonded.
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METHOD FOR PREPARING
SEMICONDUCTOR SUBSTRATE WITH
INSULATING BURIED LAYER GETTERING
PROCESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a method for
preparing silicon-on-insulator (SOI) material, and more par-
ticularly to a method for preparing a semiconductor substrate
with an 1mnsulating buried layer by a gettering process.

2. Description of Prior Art

With minmiaturization of feature sizes of integrated circuits,
it 1s important to control detfects 1n single crystal silicon. The
defects 1n silicon wafers mainly come from two aspects. In
one aspect, grow-in defects, such as crystal originated par-
ticles (COPs), are produced during crystal growth processes.
In the other aspect, defects are produced when performing
heating treatments on the silicon wafers, such as oxygen
precipitation. If these defects are positioned 1n active regions
on surfaces of the silicon waters, performance of devices 1s
deteriorated and the devices are failed. Furthermore, when the
silicon wafers are processed and the integrated circuits are
manufactured, they are inevitable to be polluted by metals,
such as Cu, Ni, Fe and so on. These metal impurities diffuse
fast 1n the silicon. If the metal impurities exist in the active
regions of the devices, the devices are failed. Accordingly, it
1s quite important to effectively remove the metal impurities
on the surfaces of the silicon waters. The oxygen precipitation
and induced defects thereol may be served as gettering points
for gettering the metal impurities, such that the metal impu-
rities are collected in the defects. But if the oxygen precipi-
tation and the mnduced defects occur 1n the active regions of
the devices, electrical performances of the devices are
alfected as well. Accordingly, on the one hand, the oxygen
precipitation 1s required to be produced 1n the silicon waters
for achueving a gettering function in device technology, but on
the other hand, 1t 1s hoped that the oxygen precipitation does
not occur 1n the active regions of the silicon waters. These are
basic 1deas of mternal gettering. In the internal gettering
technology of the silicon wafers, denuded zones (DZ) with
low oxygen and low metal are formed on the surfaces of the
silicon waters by the heating treatments, and the oxygen
precipitation and the induced defects are formed 1nside the
s1licon wafers for gettering the metal impurities. After the DZ
technology processes are performed on the silicon wafers, the
devices are prepared in the DZ and vields of the devices may
be effectively increased.

Furthermore, thick-film SOI matenals (a top silicon layer
1s usually greater than 1 um) are widely applied to high-
voltage power devices and microelectromechanical system
(MEMS) fields and have rapid development especially 1n
automotive electronics, displays and wireless communica-
tions. Since control and conversion of power, automotive
clectronics and power consuming devices have high require-
ments for harsh environment, high temperature, high current
and high power, the SOI devices must be utilized based on
strict requirements of reliability. Currently, users of the thick-
film SOI materials mainly comprise Maxim USA, ADI, TI
(USA), NEC Japan, Toshiba, Panasonic, Denso, T1 (Japan),
FUII, Omron, Philips European and X-Fab. Among the users
of the thick-film SOI materials, a lot of applications mainly
come from driving circuits in the applications. For instance,
the main applications of Maxim are amplifying circuits in
mobile recervers, The main applications of Panasonic, TI,
FUII, Toshiba and NEC are scan driving circuits in display
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driving circuits. The applications of DENSO are automotive
clectronics and wireless radio frequency circuits. The appli-
cations of Toshiba are power control circuits 1n air condition-
ings. The applications of Omron mainly comprise sensors.
The applications of ADI mainly comprise high-temperature
circuits and sensors. The applications of Phillips mainly com-
prisc LDMOS 1n power devices for consuming electronics,
such as car stereos and audio amplifiers. The applications of
Magnchip (Hynix) 1n Korea comprise display driving circuits
in digital cameras produced for Kopin and display driving
circuits 1n PDPs produced for LG.

However, since a buried oxide layer exists in the SOI mate-
rial exists, oxygen elements are externally diffused after the
heating treatments and the oxygen elements in the top silicon
layer are increased. Accordingly, traditional gettering pro-
cesses are not suitable for the SOI materials, and the DZ
regions do not exist in the top silicon layer, such that the
device yields by utilizing the SOI materials are relatively low.

SUMMARY OF THE INVENTION

A technical problem solved by the present invention is to
provide a method for preparing a semiconductor substrate
with a buried insulating layer by a gettering process.

To solve the above-mentioned problem, the present inven-
tion provides a method for preparing a semiconductor sub-
strate with a buried 1nsulating layer by a gettering process,
which comprises the following steps of: providing a device
substrate and a supporting substrate; forming an insulating
layer on a surface of the device substrate; performing a heat-
ing treatment on the device substrate, so as to form a denuded
zone on the surface of the device substrate; bonding the
device substrate having the msulating layer with the support-
ing substrate, such that the insulating layer 1s sandwiched
between the device substrate and the supporting substrate;
annealing and reinforcing a bonding interface, such that an
adherence level of the bonding interface meets requirements
in the following chamiering grinding, thinning and polishing
processes; and performing the chamiering grinding, thinning
and polishing processes on the device substrate which 1s
bonded.

In one preferred technical scheme, the device substrate1s a
single crystal silicon substrate.

In one preferred technical scheme, the method further com-
prises the following steps of: performing an additional
annealing and remnforcing process on the bonding interface
alter performing the chamiering grinding, thinning and pol-
1shing processes on the device substrate.

In one preferred technical scheme, the step of performing,
the heating treatment on the device substrate further com-
prises: a first heating treatment step for forming a crystal zone
on the surface of the device substrate; and a second heating
treatment step in which a temperature 1s lower than a tem-
perature 1n the first heating treatment step, such that nucle-
ation of saturated oxygen elements outside the denuded zone
of the device substrate occurs.

In one preferred technical scheme, the step of performing
the heating treatment on the device substrate further com-
prises: a third heating treatment step for making the nucle-
ation of the oxygen elements in the second heating treatment
step form a larger oxygen precipitation, and meanwhile the
oxygen precipitation can getter metal impurities 1n the
denuded zone.

In one preferred technical scheme, the method further com-
prises the following steps of: forming a protective layer on an
exposed surface of the supporting substrate before perform-
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ing the chamfering grinding, thinning and polishing pro-
cesses on the device substrate.

An advantage of the present invention 1s that the gettering
process 1s performed on the device substrate before bonding.
The denuded zone 1s formed on the surface, and then the
denuded zone 1s transierred to the supporting substrate for
obtaining bonding material with high crystal quality. For
turther consideration of thermal stability of the oxygen pre-
cipitation mside the device substrate, two steps of annealing
processes may be chosen to be implemented 1n the preparing,
process. The first annealing step 1s a low-temperature anneal-
ing, such that the bonding strength meets the requirements 1n
the grinding and polishing processes, Finally, the second step
1s utilized for reinforcing the bonding strength for forming
covalent bonds 1n the interface.

Furthermore, 1n the heating treatment process, only the first
and second heating treatment steps are performed on the
device substrate, and the third high-temperature heating treat-
ment step and the subsequent step of reinforcing the bonding
interface are imtegrated as one step, thereby reducing the
process complexity, saving the process cost and increasing
the process elfficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flowchart of implementation processes of the

present method; and
FIG. 2A to FIG. 2F are schematic diagrams of processes in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A method for preparing a semiconductor substrate with a
buried msulting layer by a gettering process 1n accordance
with an embodiment of the present mvention 1s described
with referring to appended figures.

FIG. 1 1s a flowchart of implementation processes of the
present method, which comprises: Step S10, providing a
device substrate and a supporting substrate; Step S11, form-
ing an insulating layer on a surface of the device substrate;
Step S12, performing a heating treatment on the device sub-
strate, so as to form a denuded zone on the surface of the
device substrate; Step S13, bonding the device substrate hav-
ing the insulating layer with the supporting substrate, such
that the insulating layer 1s sandwiched between the device
substrate and the supporting substrate; Step S14, annealing
and reinforcing a bonding interface, such that an adherence
level of the bonding interface meets requirements 1n the fol-
lowing chamifering grinding, thinning and polishing pro-
cesses; Step S15, performing the chamiering grinding, thin-
ning and polishing processes on the device substrate which 1s
bonded; Step 516, performing an additional annealing and
reinforcing process on the boding interface.

FIG. 2A to FIG. 2E are schematic diagrams of processes in
accordance with an embodiment of the present invention.

Referring to step S10 as shown 1n FIG. 2A, a device sub-
strate 100 and a supporting substrate 190 are provided. The
device substrate 100 1s utilized for forming a device layer of
a final product, and thus maternal thereof should be a common
semiconductor material, such as single crystal silicon or other
compound semiconductor. The supporting substrate 190 only
has a supporting function, and thus materal selection thereof
has a wide range. In addition to the single crystal silicon or
other compound semiconductor, sapphire or a metal substrate
may be utilized. In the present embodiment, both of the
device substrate 100 and the supporting substrate 190 are
made of single crystal silicon.
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Reterring to Step S11 as shown m FIG. 2B, an insulating
layer 110 1s formed on a surface of the device substrate 100.
The isulating layer 110 1s utilized for forming a buried
insulating layer of the final product, and material thereof may
be silicon oxide, silicon nitride and so on. A growth method
may be a chemical vapor deposition or thermal oxidation
(utilized for forming a silicon oxide nsulating layer on the
surface of the single crystal silicon substrate).

Referring to Step S12 as shown i FIG. 2C, a heating
treatment 1s performed on the device substrate 100, so as to
form a denuded zone 101 on the surface of the device sub-
strate 100.

The above-mentioned step may be further divided into
three heating treatment steps comprising a heat-up step, a
cool-down step and a heat-up step. In a first heating treatment
step, a crystal zone 1s formed on the surface of the device
substrate 100. In a second heating treatment step, a tempera-
ture 1s lower than that 1n the first heating treatment annealing,
step, such that a nucleation of saturated oxygen elements
outside the denuded zone of the device substrate occurs. In a
third heating treatment step, a larger oxygen precipitation 1s
formed from the nucleation of the oxygen elements in the
second heating treatment step, and meanwhile the oxygen
precipitation can getter metal impurities in the denuded zone.

Specifically, the first heating treatment step 1s a heat-up
step. A target temperature 1s one temperature 1n a range of
900° C.-1400° C. A preferred target temperature 1s 1250° C.
After the target temperature 1s reached, an annealing time
lasts for 0.5-20 hours. A preferred annealing time 1s 4 hours.
A heat-up rate 15 0.5-20° C./minute. A preferred heat-up rate
1s 3° C./minute. A preferred protective atmosphere during the
heat-up process 1s Ar/O, mixture, other gas or other gas mix-
ture. An annealing atmosphere may be one of N, Ar (or other
inert gas), H,, O,, N,/O, mixture, Ar/O, mixture, Ar/H., mix-
ture and N,/Ar mixture. In the first heat-up and annealing
process, an out diffusion of interstitial oxygen occurs near the
surface ol the device substrate 100. In the present step, a width
of the denuded zone 101 i1s determined by the annealing
temperature and time. The width of the denuded zone 101 1s
10-50 um 1n general.

The second heating treatment step 1s a cool-down step. A
cool-down rate 1s 0.5-20° C./minute. A preferred cool-down
rate 1s 3° C./minute. A target cool-down temperature 1s one
temperature 1n a range of 500~900° C. A preferred target
temperature 1s 750° C. After the target temperature 1s reached,
an annealing time lasts for 0.5-64 hours. A preferred time 1s 8
hours. An annealing atmosphere 1s an oxygen-iree atmo-
sphere, and more particularly 1s N, Ar (or other inert gas), H,
or mixture of the above-mentioned gases. In the present cool-
down step, the nucleation of the saturated oxygen elements
outside the denuded zone 101 of the device substrate 100
OCCUrs.

The third heating treatment step 1s a heat-up step. A heat-up
rate 1s 0.5-20° C./minute. A preferred heat-up rate 1s 3° C.
/minute. A target temperature 1s one temperature 1n a range of
900-1400° C. A preferred target temperature 1s 1150° C. After
the target temperature 1s reached, an annealing time lasts for
0.5-40 hours. A preferred time 1s 16 hours. An annealing
atmosphere 1s an oxygen-iree atmosphere, and more particu-
larly 1s N,, Ar (or other mnert gas), H,, or mixture of the
above-mentioned gases. In the present step, the larger oxygen
precipitation 1s formed from the nucleation of the oxygen
clements outside the denuded zone 101 of the device substrate
100, and meanwhile the oxygen precipitation can efiectively
getter metal impurities in the denuded zone 101.

In order to simplily the process for saving the annealing
time, the present invention may implement only the first and
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second heating treatment steps. The third heat-up heating
treatment step and the following step of reinforcing the bond-
ing interface may be 1ntegrated as one step for reducing the
process complexity, saving the process cost and increasing,
the process elfficiency.

An 1mplementation order of the above-mentioned steps
S11 and S12 may be changeable. An advantage ol implement-
ing step S11 first 1s that the msulating layer 110 formed 1n
advance can protect the surface of the device substrate 100
and reduce the time of the heating treatment, thereby decreas-
ing the cost. When step S11 1s implemented aiter step S12 and
the device substrate 100 1s single crystal silicon, a cool-down
step may be implemented 1n situ after the second heat-up step.
A cool-down rate 1s 0.5-20° C./munute. A preferred cool-
down rate 1s 3° C./minute. A target cool-down temperature 1s
one temperature 1n a range of 900-1400° C. A preferred target
temperature 1s 1050° C. After the cool-down step, in-situ
oxidation process 1s implemented. An oxidation time 1s deter-
mined by a required thickness of an oxide layer. An oxidation
atmosphere 1s a dry oxidation atmosphere, a wet oxidation
atmosphere or Ar/O, mixture. After the oxidation process, the
oxide layer 1s formed and the oxide layer may be served as the
insulating layer 110.

Referring to Step S13 as shown in FIG. 2D, the device
substrate 100 having the isulating layer 110 1s bonded with
the supporting substrate 190, such that the insulating layer
110 1s sandwiched between the device substrate 100 and the
supporting substrate 190.

When the supporting substrate 190 1s a single crystal sili-
con substrate, preprocesses including a grinding process and
a polishing process can be chosen to be performed on the
single crystal silicon substrate 190 before the bonding pro-
cess, thereby thinning the thickness. Taking an 8-inch single
crystal silicon substrate for example, a thickness of the sub-
strate 1s 750 um, and a total thickness error of the substrate 1s
smaller than 4 um. A target thickness 1s 650 um after thinning
the substrate. Firstly, the single crystal silicon substrate 1s
ground and thinned. A preferred grinding apparatus 1s a
single-side grinding machine. A device model of the grinding
machine 1s DFG841. A coarse grinding process 1s performed
for achieving rapid thinning at a grinding wheel speed greater
than 2000 rpm. Then, a fine grinding process 1s performed at
a grinding wheel speed greater than 2000 rpm for reducing
damage resulted from the coarse grinding process. After the
grinding processes, the thickness of the substrate 1s greater
than the target thickness by at least 3 um. Herein, the support-
ing substrate 190 1s thinned to be 660 um. A polishing process
1s performed on the ground supporting substrate 190. The
polishing process may be a single-side polishing process or a
double-side polishing process, and 1t may be the double-side
polishing process together with the single-side polishing pro-
cess. Herein, the preterred polishing process 1s the double-
side polishing process together with the single-side polishing
process. Firstly, the double-side polishing process 1s per-
formed. A device model of a double-side polishing machine 1s
Peter Wolters AC 2000. The polishing process 1s divided nto
two steps including a coarse polishing and then a fine polish-
ing. A total polishing removal amount 1s 8 um. Subsequently,
the single-side polishing process 1s performed for accurately
controlling the thickness of the silicon water. A device model
of a single-side polishing machine 1s IPEC 3772, The polishing
process 15 also divided into two steps including a coarse
polishing and then a fine polishing. A polishing removal
amount 1s not greater than 2 um. After the removal, an error of
the total thickness of the substrate can be smaller than 1 um.

Furthermore, 1t 1s optional to perform an insulating process
on the supporting substrate 190 before the bonding process,
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such that an isulating and corrosion resistance layer covers
the supporting substrate 190. More particularly, the corrosion
resistance layer covers a back surface. A preferred insulating
process may be a common oxidation process or a PECVD for
depositing silicon dioxide, silicon nitride and so on. A thick-
ness of the corrosion resistance layer 1s 1 um 1n general. Since
the following process 1s a reinforcing process at a low tem-
perature, the supporting substrate 190 might not resist corro-
sion of TMAH solution 1n the following chamiering process
and many corrosion pits are formed on the back surface.
Accordingly, the msulating and corrosion resistance layer 1s
formed 1n advance for protecting the back surface of the
supporting substrate.

After the preprocesses are performed on the supporting
substrate 190, a cleaning process and a bonding process are
performed on the device substrate 100 and the supporting
substrate 190. The bonding process may be a common hydro-
philic bonding or a hydrophobic bonding, and 1t also may be
a plasma assisted hydrophilic bonding. The hydrophilic
bonding and the plasma assisted hydrophilic bonding are
preferred. Taking the hydrophilic bonding for example
herein, the substrates are cleaned by utilizing SC1 and SC2
solutions 1n sequence. Belore the bonding process, a rotary
cleaning process 1s performed on the device substrate 100 and
the supporting substrate 190 by a bonding machine EV(G 801,
thereby removing particles which might exist on the surfaces
and adsorbing more water molecules. Then, the device sub-
strate 100 1s bonded with the supporting substrate 190.

Referring to Step S14, an annealing and reinforcing pro-
cess 15 performed on the bonding interface, such that an
adherence level of the bonding 1nterface meets requirements
in the following chamiering grinding, thinning and polishing
processes. An annealing and reinforcing temperature 1s 900°
C.-1400° C. A preferred temperature 1s 1050° C. An anneal-
ing and reinforcing time 1s 0.5-10 hours. A preferred time 1s 6
hours. A heat-up rate 1s 0.5-20° C./minute. A preferred heat-
up rate 1s 3° C./minute. A preferred annealing atmosphere 1s
a dry oxidation atmosphere or a wet oxidation atmosphere.
When only the above-mentioned first and second heating
treatment steps are performed, the present step makes the
nucleation of the oxygen elements in the previous annealing
step at the low temperature form a larger oxygen precipita-
tion, and meanwhile the oxygen precipitation can getter metal
impurities in the denuded zone.

An additional remnforcing step 1s not required when the
conditions 1n the above-mentioned annealing and reinforcing
process are utilized. That 1s, step S16 1s not required. In order
to avoid that the impurities diffuse in the denuded zone 101 of
the device substrate 100 in the annealing and reinforcing
process, moderate conditions may be chosen in the present
step and then the additional reinforcing step 1s implemented
in the following step S16. For example, an annealing and
reinforcing temperature 1s chosen at 500-1200° C., A pre-
terred temperature 1s 900° C. A reinforcing time1s 1-10 hours.
A preterred time 1s 4 hours. An annealing and reinforcing
atmosphere 1s N, Ar (or other 1nert gas), O,, N.,/O, mixture,
Ar/O, mixture and so on. The above-mentioned moderate
annealing conditions can have reinforcing effect on the bond-
ing interface for satistying the requirements in the following
chamiering grinding, thinning and polishing processes.

Referring to Step S15 as shown 1n FIG. 2E, the chamiering
erinding, thinning and polishing processes are performed on
the bonded device substrate 100. FIG. 2E shows a state after
the above-mentioned processes are implemented. It 1s noted
that controlling a removal amount in the thinning and polish-
ing processes can ensure that the remained device substrate

100 in FI1G. 2FE 1s totally composed of the denuded zone 101.
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A chamfiering process 1s performed on the device substrate
100 after the reinforcing process. A chamfering width 1s
determined by specification required by the following device
processes. A thickness of a residual layer 1n an edge after
polishing 1s 0-150 um. A preferred thickness 1s 100 um. The
chamiered device substrate 100 1s etched 1n TMAH solution
for removing the residual layer 1n the edge by 100 um. A
preferred method 1s to spray THAH solution with a spin
etching method. During the etching process, the substrate pair
1s rotated. A rotational speed 1s 100-10000 rpm. A preferred
rotational speed 1s 1000 rpm. A preferred temperature of the
THAM solution1s 95° C. The reinforced device substrate 100
1s ground and thinned. A preferred grinding apparatus 1s a
single-side grinding machine. A device model of the grinding
machine 1s DFG841. Firstly, a coarse grinding process 1s
performed for achieving rapid thinning at a grinding wheel
speed greater than 2000 rpm. Then, a fine grinding process 1s
performed for reducing damage resulted from the coarse
grinding process at a grinding wheel speed greater than 2000
rpm. After the grinding processes, the thickness of the device
substrate 100 should be greater than the target thickness of the
device layer of the final product by at least 3 um. Herein, the
device substrate 100 1s thinned to be 12 um. A polishing
process 1s performed on the ground device substrate 100. The
polishing process may be a single-side polishing process or a
double-side polishing process, and it may be the double-side
polishing process together with the single-side polishing pro-
cess. Herein, the preferred polishing process 1s the double-
side polishing process together with the single-side polishing
process. Firstly, the double-side polishing process i1s per-
formed. A device model of a double-side polishing machine 1s
Peter Wolters AC 2000. The polishing process 1s divided into
two steps including a coarse polishing and then a fine polish-
ing. A total polishing removal amount 1s 4 um. Subsequently,
the single-side polishing process 1s performed for accurately
controlling the thickness of the silicon water. A device model
of a single-side polishing machine 1s IPEC 3772, The polishing
process 1s also divided into two steps including a coarse
polishing and then a fine polishing. A polishing removal
amount 1s not greater than 2 um. After the polishing pro-
cesses, the remained device substrate 100 1s totally composed
of the denuded zone 101.

In step S16, an additional annealing and reinforcing pro-
cess 1s performed on the bonding interface. When the mod-
erate conditions of the annealing and reinforcing process 1n
step S14 are utilized, the present step 1s required for enhanc-
ing a bonding strength between the supporting substrate 190
and the 1msulating layer 110 and forming covalent bonds 1n
the bonding interface. An annealing temperature 1n the
present step 1s 900-1400° C. A preferred annealing tempera-
ture 1s 1150° C. An annealing time 1s 0.5-10 hours. A pre-
terred time 1s 4 hours. A heat-up rate 1s 0.5-20° C./minute. A
preferred heat-up rate 1s 3° C./minute. A preferred annealing,
atmosphere 1s a dry oxidation atmosphere or a wet oxidation
atmosphere. For the device substrate 100 made of the single
crystal silicon material, an oxide layer 1s further formed on
the surface of the device substrate 100 during the oxidation
process. The thickness of the device substrate 100 may be
controlled by controlling the thickness of the oxide layer,
thereby achieving an object of accurately controlling the
thickness of the device layer. After the annealing process, the
oxide layer 1s removed by utilizing HF solution, and the final
substrate having a buried insulating layer 1s obtained. The
device layer 1s composed of the denuded zone 101 of the
device substrate 100.

An advantage of the above-mentioned technical scheme 1s
that the gettering process 1s performed on the device substrate
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100 before bonding. The denuded zone 101 1s formed on the
surface, and then the denuded zone 101 1s transferred to the
supporting substrate 190 for obtaining bonding material with
high crystal quality. For further consideration of thermal sta-
bility of the oxygen precipitation mside the device substrate
100, two steps ol annealing processes may be chosen to be
implemented in the preparing process. The first annealing
step 1s a low-temperature annealing, such that the bonding
strength meets the requirements 1n the grinding and polishing
processes. Finally, the second step 1s utilized for reinforcing,
the bonding strength for forming covalent bonds 1n the inter-
face.

Furthermore, in the heating treatment process, only the first
and second heating treatment steps are performed on the
device substrate 100, and the third high-temperature heating
treatment step and the subsequent step of reinforcing the
bonding interface are integrated as one step, thereby reducing
the process complexity, saving the process cost and increas-
ing the process efficiency.

As 15 understood by a person skilled 1n the art, the forego-
ing preferred embodiments of the present invention are 1llus-
trative rather than limiting of the present invention. It 1s
intended that they cover various modifications and similar
arrangements be mcluded within the spirit and scope of the
appended claims, the scope of which should be accorded the
broadest interpretation so as to encompass all such modifica-
tions and similar structure.

What 1s claimed 1s:

1. A method for preparing a semiconductor substrate with
an msulating buried layer by a gettering process, comprising
the following steps of:

providing a device substrate and a supporting substrate;

forming an insulating layer on a surface of the device

substrate;

performing a heating treatment on the device substrate, so

as to form a denuded zone on the surface of the device
substrate, wherein the step of performing the heating
treatment on the device substrate further comprises a
first heating treatment step for forming a crystal zone on
the surface of the device substrate; and a second heating
treatment step 1n which a temperature 1s lower than a
temperature in the first heating treatment step, such that
nucleation of saturated oxygen elements outside the
denuded zone of the device substrate occurs, and
wherein a highest, temperature in the second heating
treatment step 1s lower than or equal to a lowest tem-
perature 1n the first heating treatment step;

bonding the device substrate having the insulating layer

with the supporting substrate, such that the nsulating
layer 1s sandwiched between the device substrate and the
supporting substrate;
annealing and, reinforcing a bonding interface by perform-
ing a third heating treatment for making the nucleation
of the oxygen elements 1n the second heating treatment
step form a larger oxygen precipitation to getter metal
impurities in the denuded zone, such that an adherence
level, of the bonding interface meets requirements in the
following chamfering grinding, thinning and polishing
processes, wherein a lowest temperature 1n the third
heating treatment step 1s higher than or equal to a highest
temperature 1n the second heating treatment step; and

performing the chamiering grinding, thinning and polish-
ing processes on the device substrate which 1s bonded,
such that the remained device substrate 1s totally com-
posed of the denuded zone.

2. The method according to claim 1, wherein the device
substrate 1s a single crystal silicon substrate.
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3. The method according to claim 1, further comprising the
following step of:
forming a protective layer on an exposed surface of the
supporting substrate before performing the chamftering
grinding, thinning and polishing processes on the device 5
substrate.
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